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(57) ABSTRACT 

A method of manufacturing an ink jet printhead Which 
includes providing an initial semiconductor Wafer having an 

electrical circuitry layer. A ?rst sacri?cial material layer is 
deposited over the electrical circuitry layer and is etched to 

de?ne holes for noZZle chamber posts and actuator anchor 

points. A ?rst expansion material layer of a material having 
a selected coef?cient of thermal expansion is deposited and 

is etched to form predetermined vias in the ?rst expansion 

material layer. A conductive material layer is deposited on 

the ?rst expansion material layer. The conductive material 
layer is conductively interconnected to the electrical cir 
cuitry layer via the vias and is etched to form a heater. A 

second expansion material layer having a selected coef? 
cient of thermal expansion is deposited and is etched to form 
a thermal actuator from a combination of the ?rst and second 

expansion material layers and the conductive layer. The 
second sacri?cial material layer is etched to form a mould. 

A ?rst inert material layer is deposited to ?ll the mould. A 
third sacri?cial material layer is deposited over the second 
sacri?cial material layer and the inert material layer and is 
etched to form a further mould. A second inert material layer 

is deposited and etched to form a noZZle chamber and an ink 

ejection port. A ink supply channel is etched through the 
Wafer to be in ?uid communication With the noZZle chamber. 

The sacri?cial layers are then etched aWay. 

9 Claims, 8 Drawing Sheets 
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METHOD OF MANUFACTURE OF AN IRIS 
MOTION INK JET PRINTER 
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APPLICATIONS 
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STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

Not applicable. 

FIELD OF THE INVENTION 

The present invention relates to the manufacture of ink jet 
printheads and, in particular, discloses a method of manu 
facture of an ink jet printhead. 

BACKGROUND OF THE INVENTION 

Many ink jet printing mechanisms are knoWn. 
Unfortunately, in mass production techniques, the produc 
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4 
tion of ink jet printheads is quite dif?cult. For example, 
often, the ori?ce or noZZle plate is constructed separately 
from the ink supply and ink ejection mechanism and bonded 
to the mechanism at a later stage (HeWlett-Packard Journal, 
Vol. 36 no 5, pp33—37 (1985)). The separate material pro 
cessing steps required in handling such precision devices 
often add a substantial expense in manufacturing. 

Additionally, side shooting ink jet technologies (US. Pat. 
No. 4,899,181) are often used but again, this limits the 
amount of mass production throughput given any particular 
capital investment. 

Additionally, more esoteric techniques are also often 
utilised. These can include electroforming of nickel stage 
(HeWlett-Packard Journal, Vol. 36 no 5, pp33—37 (1985)), 
electro-discharge machining, laser ablation (US. Pat. No. 
5,208,604), micro-punching, etc. 
The utilisation of the above techniques is likely to add 

substantial expense to the mass production of ink jet print 
heads and therefore add substantially to their ?nal cost. 

It Would therefore be desirable if an ef?cient system for 
the mass production of ink jet printheads could be devel 
oped. 

SUMMARY OF THE INVENTION 

It is the object of the present invention to provide an 
alternative form of drop on demand ink jet printing Which 
utilises a series of actuators to produce an “iris motion 
effect” to cause the ejection of ink from a noZZle chamber. 

In accordance With a ?rst aspect of the present invention, 
there is provided a method of manufacturing an iris motion 
ink jet printhead Wherein an array of noZZles are formed on 
a substrate utilising planar monolithic deposition, litho 
graphic and etching processes. Preferably, multiple ink jet 
printheads are formed simultaneously on a single planar 
substrate such as a silicon Wafer. 

The printheads can be formed utilising standard vlsi/ulsi 
processing and can include integrate drive electronics 
formed on the same substrate. The drive electronics are 

preferably of a CMOS type. In the ?nal construction, ink can 
be ejected from the substrate substantially normal to the 
substrate. 

In accordance With a further aspect of the present 
invention, there is provided a method of manufacture of an 
ink jet printhead arrangement including a series of noZZle 
chambers, the method comprising the steps of: (a) providing 
an initial semiconductor Wafer having an electrical circuitry 
layer formed thereon; (b) depositing and etching a ?rst 
sacri?cial material layer over the electrical circuitry layer, 
the etching including etching holes for noZZle chamber posts 
and actuator anchor points in the ?rst sacri?cial material 
layer located around the vias; (c) depositing and etching a 
?rst expansion material layer of a material having a high 
coef?cient of thermal expansion, the etching including etch 
ing predetermined vias in the ?rst expansion material layer; 
(d) depositing and etching a ?rst conductive layer on the ?rst 
expansion material layer, the ?rst conductive material layer 
being conductively interconnected to the electrical circuitry 
layer via the vias; (e) depositing and etching a second 
expansion material layer of a material having a high coef 
?cient of thermal expansion, the etching including forming 
a thermal actuator from a combination of the ?rst and second 

expansion material layers and the ?rst conductive layer; depositing and etching a second sacri?cial material layer, the 

etching forming a mould for a series of noZZle chamber posts 
and a series of vane elements; (g) depositing and etching a 
?rst inert material layer ?lling the mould; (h) depositing and 
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etching a third sacri?cial layer over the second sacri?cial 
layer and the inert material layer, the etching including 
etching a mould for interconnection of noZZle chamber Walls 
With the series of noZZle chamber posts; depositing and 
etching a second inert material layer to form the noZZle 
chamber, including etching an ink ejection port in the second 
inert material layer; etching an ink supply channel 
through the Wafer to be interconnected With the noZZle 
chamber; and (k) etching aWay the sacri?cial layers. 

The vane elements are preferably arranged around the ink 
ejection noZZle. 

The step preferably includes etching a series of small 
holes in the inert material layer. Further, the ?rst and second 
expansion material layers can comprise substantially poly 
tetra?uoroethylene and the inert material layer can comprise 
substantially glass. 

The ink supply channel can be formed by etching a 
channel from the back surface of the Wafer. 

The steps are preferably also utiliZed to simultaneously 
separate the Wafer into separate printheads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

NotWithstanding any other forms Which may fall Within 
the scope of the present invention, preferred forms of the 
invention Will noW be described, by Way of example only, 
With reference to the accompanying draWings in Which: 

FIG. 1 is a perspective vieW of a noZZle arrangement With 
actuators of the noZZle arrangement being in a quiescent 
condition, constructed in accordance With the preferred 
embodiment; 

FIG. 2 is a perspective vieW of the noZZle arrangement 
With the actuators in an expanded condition, constructed in 
accordance With the preferred embodiment; 

FIG. 3 is an exploded perspective vieW of the noZZle 
arrangement illustrating the construction in accordance With 
the preferred embodiment; 

FIG. 4 provides a legend of the materials indicated in 
FIGS. 5 to 16; 

FIG. 5 shoWs a Wafer incorporating drive transistors, data 
distribution and timing circuits for use in a method of this 

invention; 
FIG. 6 shoWs the Wafer of FIG. 5 With a sacri?cial layer 

etched to de?ne noZZle chamber posts and actuator anchor 
points; 

FIG. 7 shoWs the Wafer of FIG. 6 etched to de?ne a heater 

vias; 
FIG. 8 shoWs the Wafer of FIG. 7 With a conductor 

patterned thereon; 
FIG. 9 shoWs the Wafer of FIG. 8 With PTFE etched to 

de?ne actuators; 

FIG. 10 shoWs the Wafer of FIG. 9 etched to de?ne iris 
paddle vanes and noZZle chamber posts; 

FIG. 11 shoWs the Wafer of FIG. 10 With sacri?cial 
material etched doWn to glass; 

FIG. 12 shoWs the Wafer of FIG. 11 etched to de?ne a 
noZZle rim; 

FIG. 13 shoWs the Wafer of FIG. 12 etched to de?ne a roof 
of a noZZle chamber; 

FIG. 14 shoWs the Wafer of FIG. 13 back-etched to de?ne 
ink inlets; 
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FIG. 15 shoWs the Wafer of FIG. 14 etched to clear the 

noZZle chamber, free the actuators and separate the printhead 
chips; and 

FIG. 16 shoWs a noZZle arrangement ?lled With ink. 

DESCRIPTION OF PREFERRED AND OTHER 
EMBODIMENTS 

In the preferred embodiment, there is a provided an ink jet 
printhead With a series of noZZles, each noZZle including an 
actuator device comprising a plurality of actuators Which 
actuate a series of paddles that operate in an iris type motion 
so as to cause the ejection of ink from a noZZle chamber. 

Turning initially to FIG. 1 to FIG. 3, there is illustrated a 
single noZZle arrangement 10 for the ejection of ink from a 
noZZle ejection port 11. The ink is ejected out of the noZZle 
port 11 from a noZZle chamber 12 Which is formed from 4 
substantially identical iris vanes 14. Each iris vane 14 is 
acted upon simultaneously to cause the ink Within the noZZle 
chamber 12 to be squeeZed out of the noZZle chamber, 
thereby ejecting the ink from ink ejection port 11. 

Each noZZle vane 14 is actuated by means of a thermal 
actuator 15 mounted on its base. Each thermal actuator 15 
has tWo arms, an expanding, ?exible arm 25 and a ?xed arm 
26. Both arms are ?xed at one end 27 and are joined at the 
other end 28. The expanding arm 25 can be constructed from 
a polytetra?uoroethylene (PTFE) layer 29, inside of Which 
is constructed a serpentine copper heater 16. The rigid arms 
26 of the thermal actuators 15 comprise return trays of the 
copper heater 16 and the vane 14. The result of the heating 
of the expandable arm 25 of the thermal actuator 15 is that 
the PTFE layer 34 bends around thereby causing the vane 14 
to push ink toWards a centre of the noZZle chamber 12. The 
serpentine copper layer 16 expands, concertina-fashion, in 
response to the high thermal expansion of the PTFE layer 
34. The other vanes 18—20 are actuated simultaneously. The 
four vanes therefore cause a general compression of the ink 
Within the noZZle chamber 12 resulting in a subsequent 
ejection from the ink ejection port 11. 
A roof of the noZZle arrangement 10 is formed from a 

nitride layer 22 and is supported by posts 23. The nitride top 
layer 22 includes a series of holes 24 Which are provided in 
order to facilitate more rapid etching of sacri?cial materials 
Within the loWer layers during construction. The nitride layer 
etchant holes 24 are of a diameter Which is suf?ciently small 
so that surface tension effects are suf?cient to stop any ink 
being ejected from the nitride holes 24 as opposed to the ink 
ejection port 11 upon activation of the vanes 14, 18—20. 
The arrangement of FIG. 1 can be constructed on a silicon 

Wafer utilising standard semi-conductor fabrication and 
micro-electro-mechanical systems (MEMS) techniques. For 
a general introduction to a micro-electro mechanical system 
(MEMS) reference is made to standard proceedings in this 
?eld including the proceedings of the SPIE (International 
Society for Optical Engineering), volumes 2642 and 2882 
Which contain the proceedings for recent advances and 
conferences in this ?eld. The noZZle arrangement 10 can be 
constructed on a silicon Wafer and built up by utilising 
various sacri?cial materials Where necessary as is common 
practice With MEMS constructions. Turning to FIG. 3, there 
is illustrated an exploded perspective vieW of a single noZZle 
arrangement 10 illustrating the various layers utilised in the 
construction of a single noZZle arrangement 10. The loWest 
layer of the construction comprises a silicon Wafer base 30. 
Alarge number of printheads each having a large number of 
noZZle arrangements 10 can be constructed on a single large 
Wafer Which is appropriately diced into separate printheads 
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in accordance With requirements. A CMOS circuitry/glass 
layer 31 Which provides all the necessary interconnections 
and driving control circuitry for the various heater circuits is 
constructed on top of the base 30. Anitride passivation layer 
32 Which is provided for passivating the loWer CMOS layer 
31 against any etchants Which may be utilised is constructed 
on top of the layer 31. A layer 32 having the appropriate vias 
(not shoWn) for connecting the heating elements to the 
relevant portion of the loWer CMOS layer 31 is provided. 
A copper layer 33 Which includes the various heater 

element circuits in addition to vias to the loWer CMOS layer 
is constructed on the nitride layer 32. 

Next, a PTFE layer 34 is provided With the PTFE layer 34 
actually comprising 2 layers Which encase the copper layer 
33. Next, a ?rst nitride layer 36 is constructed for the vanes 
14, 18—20 of FIG. 1. On top of this is a second nitride layer 
37 Which forms the posts 23 and noZZle roof of the noZZle 
chamber 12. 

The various layers 33, 34, 36 and 37 can be constructed 
utilising intermediate sacri?cial layers Which are, as stan 
dard With MEMS processes, subsequently etched aWay so as 
to release the functional device. Suitable sacri?cial materials 
include glass. When necessary, such as in the construction of 
the nitride layer 37, various other semiconductor processes 
such as dual damascene processing can be utilised. 

One form of detailed manufacturing process Which can be 
used to fabricate monolithic ink jet printheads operating in 
accordance With the principles taught by the present embodi 
ment can proceed utiliZing the folloWing steps: 

1. Using a double-sided, polished Wafer 30, complete 
drive transistors, data distribution, and timing circuits 
using a 0.5 micron, one poly, 2 metal CMOS process 
31. The Wafer is passivated With 0.1 microns of silicon 
nitride 32. Relevant features of the Wafer at this step are 
shoWn in FIG. 5. For clarity, these diagrams may not be 
to scale, and may not represent a cross section though 
any single plane of the noZZle. FIG. 4 is a key to 
representations of various materials in these manufac 
turing diagrams, and those of other cross referenced ink 
jet con?gurations. 

2. Deposit 1 micron of sacri?cial material 50 (eg alu 
minum or photosensitive polyimide) 

3. Etch the sacri?cial layer using Mask 1. This mask 
de?nes the noZZle chamber posts and the actuator 
anchor points eg 51. This step is shoWn in FIG. 6. 

4. Deposit 1 micron of PTFE 52. 

5. Etch the PTFE, nitride, and oxide doWn to second level 
metal using Mask 2. This masks de?nes the heater vias. 
This step is shoWn in FIG. 7. 

6. Deposit 1 micron of a conductor 33 With a loW Young’s 
modulus, for example aluminum or gold. 

7. Pattern the conductor using Mask 3. This step is shoWn 
in FIG. 8. 

8. Deposit 1 micron of PTFE 53. 
9. Etch the PTFE doWn to the sacri?cial layer using Mask 

4. This mask de?nes the actuators. This step is shoWn 
in FIG. 9. 

10. Wafer probe. All electrical connections are complete 
at this point, bond pads are accessible, and the chips are 
not yet separated. 
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8 
11. Deposit 6 microns of sacri?cial material 54. 

12. Etch the sacri?cial material using Mask 5. This mask 
de?nes the iris paddle vanes 14, 18—20 and the noZZle 
chamber posts. This step is shoWn in FIG. 10. 

13. Deposit 3 microns of PECVD glass 55 and planariZe 
doWn to the sacri?cial layer using CMP. 

14. Deposit 0.5 micron of sacri?cial material 56. 

15. Etch the sacri?cial material doWn to glass using Mask 
6. This mask de?nes the noZZle chamber posts. This 
step is shoWn in FIG. 11. 

16. Deposit 3 microns of PECVD glass 57. 

17. Etch to a depth of (approx.) 1 micron using Mask 7. 
This mask de?nes the noZZle rim 58. This step is shoWn 
in FIG. 12. 

18. Etch doWn to the sacri?cial layer using Mask 8. This 
mask de?nes the roof of the noZZle chamber, the noZZle 
11, and the sacri?cial etch access holes 24. This step is 
shoWn in FIG. 13. 

19. Back-etch completely through the silicon Wafer (With, 
for example, an ASE Advanced Silicon Etcher from 
Surface Technology Systems) using Mask 9. This mask 
de?nes the ink inlets 59 Which are etched through the 
Wafer. When the silicon layer is etched, change the etch 
chemistry to etch the glass and nitride using the silicon 
as a mask. The Wafer is also diced by this etch. This 
step is shoWn in FIG. 14. 

20. Etch the sacri?cial material. The noZZle chambers are 

cleared, the actuators freed, and the printhead chips are 
separated by this etch. This step is shoWn in FIG. 15. 

21. Mount the printhead chips in their packaging, Which 
may be a molded plastic former incorporating ink 
channels Which supply the appropriate color ink to the 
ink inlets at the back of the Wafer. 

22. Connect the printhead chips to their interconnect 
systems. For a loW pro?le connection With minimum 
disruption of air?oW, TAB may be used. Wire bonding 
may also be used if the printer is to be operated With 
suf?cient clearance to the paper. 

23. HydrophobiZe the front surface of the printhead chips. 
24. Fill the completed printhead chips With ink 60 and test 

them. A?lled noZZle arrangement is shoWn in FIG. 16. 
It Will be understood by those skilled in the art that many 

other forms of construction may be possible utilising a Wide 
range of materials having suitable characteristics Without 
departing from the spirit or scope of the invention as broadly 
described. The present embodiment is, therefore, to be 
considered in all respects to be illustrative and not restric 
tive. 
The presently disclosed ink jet printing technology is 

potentially suited to a Wide range of printing systems 
including: color and monochrome of?ce printers, short run 
digital printers, high speed digital printers, offset press 
supplemental printers, loW cost scanning printers, high 
speed pageWidth printers, notebook computers With in-built 
pageWidth printers, portable color and monochrome 
printers, color and monochrome copiers, color and mono 
chrome facsimile machines, combined printer, facsimile and 
copying machines, label printers, large format plotters, pho 
tograph copiers, printers for digital photographic ‘minilabs’, 
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video printers, PHOTO CD (PHOTO CD is a registered 
trade mark of the Eastman Kodak Company) printers, por 
table printers for PDAs, Wallpaper printers, indoor sign 
printers, billboard printers, fabric printers, camera printers 
and fault tolerant commercial printer arrays. 
Ink Jet Technologies 

The embodiments of the invention use an ink jet printer 
type device. Of course many different devices could be used. 
HoWever presently popular ink jet printing technologies are 
unlikely to be suitable. 

The most signi?cant problem With thermal ink jet is 
poWer consumption. This is approximately 100 times that 
required for high speed, and stems from the energy 
inef?cient means of drop ejection. This involves the rapid 
boiling of Water to produce a vapor bubble Which expels the 
ink. Water has a very high heat capacity, and must be 
superheated in thermal ink jet applications. This leads to an 
ef?ciency of around 0.02%, from electricity input to drop 
momentum (and increased surface area) out. 

The most signi?cant problem With pieZoelectric ink jet is 
siZe and cost. Piezoelectric crystals have a very small 
de?ection at reasonable drive voltages, and therefore require 
a large area for each noZZle. Also, each pieZoelectric actuator 
must be connected to its drive circuit on a separate substrate. 

This is not a signi?cant problem at the current limit of 
around 300 noZZles per print head, but is a major impedi 
ment to the fabrication of pageWidth print heads With 19,200 
noZZles. 

Ideally, the ink jet technologies used meet the stringent 
requirements of in-camera digital color printing and other 
high quality, high speed, loW cost printing applications. To 
meet the requirements of digital photography, neW ink jet 
technologies have been created. The target features include: 

loW poWer (less than 10 Watts) 
high resolution capability (1,600 dpi or more) 
photographic quality output 
loW manufacturing cost 
small siZe (pageWidth times minimum cross section) 
high speed (<2 seconds per page). 
All of these features can be met or exceeded by the ink jet 

systems described beloW With differing levels of dif?culty. 
Forty-?ve different ink jet technologies have been developed 
by the Assignee to give a Wide range of choices for high 
volume manufacture. These technologies form part of sepa 
rate applications assigned to the present Assignee as set out 
in the list under the heading Cross References to Related 
Applications. 

The ink jet designs shoWn here are suitable for a Wide 
range of digital printing systems, from battery poWered 
one-time use digital cameras, through to desktop and net 
Work printers, and through to commercial printing systems 

For ease of manufacture using standard process 
equipment, the print head is designed to be a monolithic 0.5 
micron CMOS chip With MEMS post processing For color 
photographic applications, the print head is 100 mm long, 
With a Width Which depends upon the ink jet type. The 
smallest print head designed is covered in US. patent 
application No. 09/112,764, Which is 0.35 mm Wide, giving 
a chip area of 35 square mm. The print heads each contain 
19,200 noZZles plus data and control circuitry. 

Ink is supplied to the back of the print head by injection 
molded plastic ink channels. The molding requires 50 
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10 
micron features, Which can be created using a lithographi 
cally micromachined insert in a standard injection molding 
tool. Ink ?oWs through holes etched through the Waiter to the 
noZZle chambers fabricated on the front surface of the Wafer. 

The print head is connected to the camera circuitry by tape 
automated bonding. 

Tables of Drop-on-Demand Ink Jets 

Eleven important characteristics of the fundamental 
operation of individual ink jet noZZles have been identi?ed. 
These characteristics are largely orthogonal, and so can be 

elucidated as an eleven dimensional matrix. Most of the 

eleven axes of this matrix include entries developed by the 

present assignee. 
The folloWing tables form the axes of an eleven dimen 

sional table of ink jet types. 

Actuator mechanism (18 types) 
Basic operation mode (7 types) 
Auxiliary mechanism (8 types) 
Actuator ampli?cation or modi?cation method (17 types) 

Actuator motion (19 types) 
NoZZle re?ll method (4 types) 
Method of restricting back-?oW through inlet (10 types) 
NoZZle clearing method (9 types) 
NoZZle plate construction (9 types) 
Drop ejection direction (5 types) 
Ink type (7 types) 
The complete eleven dimensional table represented by 

these axes contains 36.9 billion possible con?gurations of 
ink jet noZZle. While not all of the possible combinations 
result in a viable ink jet technology, many million con?gu 
rations are viable. It is clearly impractical to elucidate all of 
the possible con?gurations. Instead, certain ink jet types 
have been investigated in detail. Forty-?ve such ink jet types 
Were ?led simultaneously to the present application. 

Other ink jet con?gurations can readily be derived from 
these forty-?ve examples by substituting alternative con 
?gurations along one or more of the 11 axes. Most of the 

forty-?ve examples can be made into ink jet print heads With 
characteristics superior to any currently available ink jet 
technology. 
Where there are prior art examples knoWn to the inventor, 

one or more of these examples are listed in the examples 

column of the tables beloW. The simultaneously ?led patent 
applications by the present applicant are listed by USSN 
numbers. In some cases, a print technology may be listed 
more than once in a table, Where it shares characteristics 

With more than one entry. 

Suitable applications for the ink jet technologies include: 
Home printers, Of?ce netWork printers, Short run digital 
printers, Commercial print systems, Fabric printers, Pocket 
printers, Internet WWW printers, Video printers, Medical 
imaging, Wide format printers, Notebook PC printers, Fax 
machines, Industrial printing systems, Photocopiers, Photo 
graphic minilabs etc. 
The information associated With the aforementioned 11 

dimensional matrix are set out in the folloWing tables. 
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ACTUATOR MECHANISM (APPLIED ONLY TO SELECTED INK DROPS) 

Description Advantages Disadvantages Examples 
Thermal An e1ectrmhe1ma1 0 Large force 0 High power 0 Canon Bubblejet 
bubble heater heats the ink to generated 0 Ink carrier 1979 Endo et a1 GB 

above boiling point, 0 Simple limited to water patent 2,007,162 
transferring signi?cant construction 0 Low efficiency 9 XCrOX he?leFin 
heat to the aqueous 0 No moving pans 0 High pit 1990 Hawkins et 
ink. A bubble 0 Fast operation temperatures a] USP 4,8911 81 
nucleates and quickly Q Small chip area required 0 Hewlett-Packard 
forms, swelling the required for actuator 0 High mechanical TI] 1982 VaughI 6! 
ink. Stress al USP 4,490,728 
The efficiency of the 6 Unusual 
process is low, with materials required 
typically less than 0 Large drive 
0.05% of the electrical transistors 
energy being 0 Cavitation causes 
transformed imo actuator failure 
kinetic energy of the Q Kogation reduces 
droll bubble formation 

0 Large print heads 
are difficult to 

fabricate 
Pie”). A piezoelectric crystal 6 Low power 0 Very large area 0 Kyser et a1 USP 
electric Such as lead consumption required for actuator 3,946,398 

lanthanum zirconate 0 Many ink types 0 Difficult to v Zoltan USP 
(PZT) is electrically can be used integrate with 3,683,212 
activated, and either 0 Fast operation electronics 0 i973 Stemme 
expands, shears, or 
bends to apply 
pressure to the ink, 
ejecting drops. 

0 High cf?ciency 0 High voltage 
drive transistors 
required 

0 Full pagewidth 
print heads 
impractical due to 
actuator size 

0 Requires 
electrical poling in 
high field strengths 
during manufacture 

USP 3,747,120 
6 Epson Stylus 
0 Tektronix 

0 I104 

IJMZZUS 09/113,113 
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ACTUATOR MECHANISM (APPLIED ONLY TO SELECTED INK DROPS) 

Description Advantages Disadvantages Examples 
Electro- An elecm'c field is 0 Low power 0 Low maximum 0 Seiko Epson, 
strictive used to activate consumption strain (approx. Usui et all JP 

electrostriction in 0 Many ink types 0.01%) 253401/96 
relaxor materials such can be used 0 Large area 0 H04 
as lead lanthanum 0 Low thermal required for actuator 
zirconate titanate expansion due to low strain 
(PLZT) 01' lead 0 Electric ?eld 0 Response speed 
magnesium niobate strength required is marginal (~ 10 
(PMI‘D- (approx. 3.5 V/tun) us) 

can be generated 0 High voltage 
without difficulty drive transistors 

0 Does not require required 
electrical poling 0 Full pagewidth 

print heads 
impractical due to 
actuator size 

Fen-o- An electric field is 0 Low power 0 Difficult to 0 I104 
electric used to induce a phase Consumption integrate with 

transition between the 0 Many ink types electronics 
antiferroelectric (AFE) can be used 0 Unusual 
and ferroelectrie (PE) 0 Fast operation materials such as 
phase. Perovskite (< 1 its) PLZSnT are 
materials such as tin . Relatively high required 
modi?ed lead longitudinal strain 0 Actuators require 
lanthanum zirconate . High efficiency a large area 
manate (PLZSHT) 0 Electric ?eld 
exhibit large strains of Strength of around 3 
up to 1% associated v/pm can be mad“), 
with the to FE provided 
phase ll'?l'lSlllOl'L 

Electro- Conductive plates are 0 LOW power 0 Difficult t0 0 H02, I104 
static plates separated by a consumption operate electrostatic 

compressible or ?uid 0 Many ink types devices in an 
dielectric (usually air). can be used aqueous 
Upon application of a 9 Fast operation ??vil'onm?m 
voltage, the plates 
attract each other and 
displace ink, causing 
drop ejection. The 
conductive plates may 
be in a comb or 
honeycomb structure, 
or stacked to increase 
the surface area and 
therefore the force. 

0 The electrostatic 
actuator will 
normally need to be 
separated from the 
ink 

0 Very large area 
required to achieve 
high forces 

0 High voltage 
drive transistors 
may be required 

0 Full pagewidth 
print heads are not 
competitive due to 
actuator size 

1JM22US 09/113,113 
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ACTUATOR MECHANISM (APPLIED ONLY TO SELECTED INK DROPS) 

Description Advantages Disadvantages Examples 
Elecn-o- A Strong electric ?gld 6 LOW CLUTCH! 6 High voltage 6 1989 Saito 5! al, 
static pull is applied to the ink, consumption required USP 4,799,068 
on ink whereupon 0 Low temperature 0 May be damaged 0 1989 Miura et a], 

electrostatic attraction by sparks due to air USP 4,810,954 
accelerates the ink breakdown o Tone-jet 
towards the print 9 Required ?eld 
medium. strength increases as 

the drop size 
decreases 

0 High voltage 
drive transistors 
required 

0 Electrostatic ?eld 
attracts dust 

Permanent An electromagnet 0 Low power Q Complex 0 I107, I110 
magnet directly attracts a consumption fabrication 
electro- permanent magnet, 0 Many ink types 0 Permanent 
magnetic displacing ink and can be used magnetic material 

causing drop ejection 
Rare earth magnets 
with a ?eld strength 
around 1 Tesla can be 
used. Examples are: 
Samarium Cobalt 
(SaCo) and magnetic 
materials in the 
neodymium iron boron 
family (NdFeB, 
NdDyFeBNb, 
NdDyFeB, etc) 

0 Fast operation 
0 High ef?ciency 
9 Easy extension 
from single nozzles 
to pagewidth print 
heads 

such as Neodymium 
Iron Boron (NdFeB) 
required. 

0 High local 
currents required 

0 Copper 
metalization should 
be used for long 
electromigration 
lifetime and low 
resistivity 

0 Pigmented inks 
are usually 
infeasible 

0 Operating 
temperature limited 
to the Curie 

temperature (around 
540 K) 

IJMZZUS 09/113,113 
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ACTUATOR MECHANISM (APPLIED ONLY TO SELECTED INK DROPS) 

Description Advantages Disadvantages Examples 
Soft A solenoid induced a 0 LOW power 0 Complex 0 H01, H05, H08, 
magnetic magnetic ?eld in a 50ft consumption fabrication U10, U12, U14, 
core electro- magnetic core or yoke 0 Many ink types 0 Materials not H15, H17 
magnetic fabricated from a can be used usually present in a 

ferrous material such 0 Fast operation CMOS fab such as 
as electroplated iron Q High efficiency NiFe, CoNiFe, or 
alloys such as CoNiFe . Easy extension CoFe are required 
[1], COPE, 01' NiF¢ from single nozzles ' High local 
alloys- Typically, the to pagewidth print Currents required 
soft magnetic material heads Q Copper 
is in two parts, which . metalization should 
are normally held be used for long 
apart by a spring. electromigration 
When the solenoid is lifetime and low 
actuated, the two parts resistivity 
attract, displacing the Q Elccn-oplming is 
illk- required 

0 High saturation 
flux density is 
required (2.0-2.1 T 
is achievable with 
CoNiFe [1]) 

Lorenz The Lorenz force 0 Low power 0 Force acts as a 0 1106,1111, 1113, 
force acting on a currgm consumption twisting motion H16 

carrying wire in a 0 Many ink types 0 Typically, only a 
magnetic ?eld is can be used quarter of the 
utilized. 

This allows the 
magnetic field to be 

0 Fast operation 
0 High ef?ciency 
0 Easy extension 

solenoid length 
provides force in a 
useful direction 

supplied externally to from single nozzles 0 High local 
the print head, for to pagewidth print CurfenlS required 
example with rare heads 0 Copper 
earth permanent metalization should 
magnets. be used for long 
Only the current elecfmmigration 
carrying wire need be 158F114“? and low 
fabricated on the print- rcslsfwlty 
head, simplifying 0 Pigmented inks 
materials are usually 
requirements. infeasible 
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ACTUATOR MECHANISM (APPLIED ONLY TO SELECTED INK DROPS) 

Description Advantages Disadvantages Examples 
Magnet0_ The actuator uses the 0 Many ink types 0 Force acts as a 0 Fischenbeek, 
slriction giant magnetosn-ictive can be USCG twisting motion USP 4,032,929 

effect of materials 0 Fast operation 0 Unusual 0 I] 25 
such as Terfenol-D (an 0 Easy extension materials Such as 
alloy of terbium, from single nozzles Terfenol-D are 
dysprosium and iron to pagewidth prim required 
developed at the Naval heads 0 High local 
Ordnance Laboratory, Q High force is currents required 
hence Ter-Fe-NOL). available 9 Copper 
For best efficiency, the metalization should 
actuator should be pre- be used for long 
stressed to approx. 8 electromigration 
MP8- lifetime and low 

resistivity 
9 Pre-stressing 
may be required 

Surface Ink under positive 0 Low power 0 Requires 0 Silverbrook, EP 
tension pressure is held in a consumption supplementary force 0771 658 A2 and 
reduction nozzle by surface 0 Simple to effect drop related patent 

tension. The surface construction separation applications 
tension of the ink is 0 No unusual 0 Requires special 
reduced below the materials required in ink surfactants 
bubble threshold, fabrication 0 Speed may be 
causing the ink to Q High efficiency limited by surfactant 
egress from the . Easy Extension properties 
nozlle- from single nozzles 

to pagewidth print 
heads 

Viscosity The ink viscosity is 6 Simple v Requires 0 Silverbrook, EP 
reduction locally reduced to construction supplementary force 0771 658 A2 and 

select which drops are 6 No unusual to effect drop related patent 
to be ejected. A materials required in separation applications 
viscosity reduction can 
be achieved 
electrotherrnally with 
most inks, but special 
inks can be engineered 
for a 100:1 viscosity 
reduction. 

fabrication 
0 Easy extension 
from single nozzles 
to pagewidth print 
heads 

0 Requires special 
ink viscosity 
properties 

0 High speed is 
difficult to achieve 

Q Requires 
oscillating ink 
pressure 

0 A high 
temperature 
difference (typically 
80 degrees) is 
required 
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ACTUATOR MECHANISM (APPLIED ONLY TO SELECTED INK DROPS) 

Description Advantages Disadvantages Examples 
Acoustic An acoustic wave is Q Can operate 0 Complex drive 0 1993 Hadirnioglu 

generated and Without a nozzle circuitry et al, EUP 550,192 
focussed upon the Plate 0 Complex 0 1993 Elrod et al, 
drop ejection region. fabrication EUP 572,220 

0 Low efficiency 
0 Poor control of 
drop position 

0 Poor control of 
drop volume 

Thermo- An actuator which 0 Low power 0 Ef?cient aqueous 0 U03, 1109, I117, 
elastic bend relies upon differemm consumption operation requires a I] 18, 1119, 1.120, 
actuator thermal expansion 0 Many ink types thermal insulator on U21, H22, 1123, 

upon Joule heating is can be used the hot Side H24, H27, H28, 
used. 0 Simple planar 6 Corrosion U29, 1130, I131, 

fabrication prevention can be 1132, I] 33, U34, 
0 Small chip area difficult U35, U36, U37, 
required for each 0 Pigmented inks U33 ,U39, 1.140, 

I] 4 1 actuator 

0 Fast operation 
0 High efficiency 
0 CMOS 
compatible voltages 
and currents 

0 Standard MEMS 
processes can be 
used 

0 Easy extension 
from single nozzles 
to pagewidth print 
heads 

may be infeasible, 
as pigment particles 
may jam the bend 
actuator 

1JM22US 89/113,113 


















































